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MOUSE MICRONUCLEUS TEST FOR PERCHLORATE & LITERATURE
REVIEW OF RELEVANT MOUSE STUDIES

Issue

Concemn has bcen expressed that the negalive results of the recently completed mouse
micronucleus test (Sharma and Gao, 1998) may not be credible because the top dose of
1000 mg/kg-day might not have becn sufficienty high. "This study tested oral gavage
doses of either 0, 62.5, 125, 250, S00, or 1000 mg/kg-day to 5 mice per scx over 3 days.

Rcsponse

The primary approach to this issue was to obtain the results of the clinical findings of the
dose-range finding study which preceded the definitive rouse micronucleus test, as well
as the clinical findings of the definitive test (Sharma and Gao. 1998). This would allow a
determination of whether the negative results of the definitive test could be accepted with
confidencc. An allemative, and perhaps less useful, approach to this issue was an
additional literature search for mouse studies with perchlorate in order to determine the
relative ranges of doses and cxpected responses. ManTech has also respondcd to this
issuc by way of an attachment to a letter of M. Anderson of ManTech to M. Dourson of
TERA dated August 25, 1998, and specifically attachment 2 to this letter regarding
ManTech's response to EPA coraments. The responsc is attached to this reporl.

The Primary Approach

TERA reviewed the clinical data for both the dose-range finding study, and the definitive
micronucleus test (Sharma and Gao. 1998). The dose-range finding study tested 3 mice
per sex at doses of either 0, 500, 1000, 2000, or 4000 mg/kg-day for each of 3 days.
Mortality only occurred in this study at 2000 mg/kg-day (4 out of 6 animals died), and at
4000 mg/kg-day (5 out of 6 animals died) on the first day. Animals surviving these high
doses were continued at a lower dose. Plots of these mortality data are shown in figures |
and 2. These plots show possible trends using both linear and polynomial regressions,
and using both lincar-linear and log-lincar scales. All of these plots suggest that

approximately 10 to 20% mortality might be expected from a singlc perchloratc dose of
1000 mg/kg-day, the top dose chosen for the definitive study.
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In the definitive study, single doses of either 0, 62.5, 125, 250, 500, or 1000 mg/kg-day
were repeatedly gavaged for three days to S mice per sex. Clinical signs or body weight
changes were not apparent in any dose of the definitive study. Nor was any mortality
observed, despite the fact that based on the regressions determined from the dose-range
study, 1 or 2 mice would have been expected to die at the 1000 mg/kg-day dose. The
results of the subsequent micronucleus tests were negative.

The Li Revi

TERA conducted an extended literature review for any studies where mice have been
given perchlorate. Several studics were found with doscs in the range of the definitive
micronucleus test (i.c., either 62.5, 125, 250, 500, or 1000 mg/kg-day) or higher as shown
in Table 1. NOAELs and LOAELSs are specified when possible.

The most relevant studies for comparison with the micronucleus test are probably those
of Gauss, 1972b, Larsson-Nyren, 1996, Thorp, 1976, Connel et al., 1983 and perhaps that
of Gauss, 1972a. Thesc studies show the results of short terrh tests at doses that fall close
to the range tested by Sharma and Gao. (1998). Some of the results of these studies are
difficult to classify as either NOAELSs or LOAELs. Further work could be done with
thyroid experts on this issue if nceded. )

Gauss (1972b) has an inconsistency between the methods and results sections of the
paper. The methods clearly state that perchlorate was administered in both diet and
drinking water, but the results do not mention the drinking water exposure. The fully
translated text is enclosed to help in this interpretation. Gauss (1972a) also appears to
have this same inconsistency, but the full translation has not yet been pursued.

Summary

Resolution of the issue, that the negative results of the recently completed mouse
micronucleus test (Sharma and Gao, 1998) may not be credible because the top dose of
1000 mg/kg-day might not have been sufficiently high, depends on judgment. The
likelihood that mortality would be invoked in another micronucleus test at slightly higher
doses, for examples doses of 1200 and 1500 mg/kg-day, seems high based on the analysis
of figures 1 and 2. Table 1 shows effects both below ancl above the 1000 mg/kg-day dose
of the micronucleus test of Sharma and Gao (1998). Whether these effects can be judged
as adverse also depends on judgment, and may in fact be aided in part on how similar

effects from the ongoing studies of perchlorate are being judged.
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Table 1. Mouse studies with Perchlorate from a Literature Review. Table Organized by Increasing

Dose of Administered Compound.
Study Findings NOAEL LOAEL
mg/kg-d  mg/kg-d
Middlesworth, 0.032 mg of potassium perchlorate per gram None ~3
1985 of low-in-iodine feed to weanling through
adult CD-1 male mice from 10 to 80 days uses adult weight and
showed statistically significant decrease in feed consumption
body weight and thyroid iodine content, and given by author; dose -
statistically significant increase in absolute to weanling would be:
and relative thyroid weight at 80 days ~8
Gauss, 1972b 0.25 ml of a saturated potassium perchlorate None 140 (7)
solution (1.675 g/100ml) given once
subcutaneously showed a drop in thyroidal dose based on
24-hour "'I storage by 21%, and parameters provided by
manifestations of incipient hyperplasia of the authors
the parenchyma
Larsson-Nyren, IP injections of a sipgle dose of sodium 300 None
1996 perchlorate at levels of 10 to 300 mg/kg-day
to adult female Umea-ob/ob mice resulted
in only a slight, transient, reducing effect on
the basal serum glucose at 300 mg/kg-day
Thorp, 1976 10 mg sodium perchlorate injected oucgi.p. None (?) ~300(?)
A with 125-iodide into 6 tumor bearing inbred
GR/Afib mice showed ~14% of control assumes .035 kg mouse
iodide uptake in mammary tumors, ~1-2% bw
of control iodide uptake in thyroid tissue,
and ~100% control iodide uptake in skeletal
and normal mammary tissue
Connel et al,, IP injection of a gingle dose of sodium None (?) ~3301t0400(?)
1983 perchlorate at a leve! of 10 mg to adult male
TQO mice resuited in a dramatic inhibition of based on weights given -
thyroid iodide trapping after 60 minutes by authors.
Sharma and Gao. The definitive micronucleus test with three 1000 None
1998 gavage doses of ammonium perchlorate
(over 3 days) to young adult Swiss CD-
mice of both sexes at either 62.5, 125, 250,
500, or 1000 mg/kg-day showed no clinical
signs of toxicity nor mutagenicity
Toxicology Exccllence for Risk Assessment 3
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Study Findings NOAEL LOAEL
mg/kg-d  mg/kg-d
Gauss, 1972a A variety of tests of different durations (1,  None ~1,400*
30, 64, 81, and 160 days) was conducted at
doses of potassium perchlorate administered seems to be the lowest
in the diet and drinking water (?) of adult dose from diet; dose
female NMRI mice. Decreased food would be higher if
consumption, paralysis, skeletal mice were actually
deformation, exophthalmos, aolpecia, dosed in both diet and
thyroid histopathology and mortality were drinking water; text
seen. ) only translated in part
Gauss, 1972b Potassium perchlorate administered for nine None ~1,700
: days in the diet and drinking water (?) of
ady]t female NMRI mice. Inhibition of seems to be the lowest
iodide uptake by the thyroid and thyroid dose from the diet, but
histopathology were seen. Translation from the dose could be
the German is confusing between methods >6,000 if mice were
and results sections. actually dosed in both
diet and drinking water
Sharma and Gao. Dose range finding study for the definitive 1000 2000
1998 ' micronucleus test with three gavage dose of
ammonium perchlorate (over 3 days) to
ful . st
at either 0, 500, 1000, 2000, or 4000 mg/kg-
day showed mortality at the highest iwo
doses on day one of exposure
Middlesworth, 1% potassium perchlorate in drinking; water None ~3000
1985 to weanling CD-1 male mice for 10 days
showed thyroid iodine severely depleted assumes 0.01 kg bw
. and 0.003 L/day
Pajer and 46 weeks exposure of 1.2% sodium None ~3200
Kalisnk, 1991 perchlorate in drinking water to female
BALB/c mice showed strong v assumes 0.03 kg bw
hypothyroidism with hypertrophic and and 0.008 L/day

hyperplastic thyroid epithelial cells as well
as pituitary thyrotropic cells.

*TERA (1997) lists this value as 2011 mg/kg-day in its 1997 report on the proposed
perchlorate reference dose (RfD) based on assumptions that were further refined here
from the partial translation.
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MANTECH ENVIRONMENTAL TECHNOLOLY, INC.

August 25, 1998

Dr. Michael Dourson
TERA

4303 Hamilton Avenue
Cincinnati, Ohio 45223

Ref: Ammonium Perchlorate Project

Dear Dr, Dourson:

The purpose of this letter is to discuss the status of the referenced research project conducted
by ManTech Environmental Technology, Inc. for TERA. At your request, ManTech amended its
original fixed-price agreement with TERA, to include a draft final report, at no additional cost, for
the ammonium perchlorate study. During TERA’s review of ManTech’s draft final report, we
responded to numerous questions concerning the conduct of the genotox assays performed, and
provided substantial historical data and background information to TERA staff in support of our
assay results, including internal quality assurance audit reports. This additional information was to
a large extent incorporated into our final report to TERA. With the exception of some minor
protocol changes, which improved the micronucleus assay, we have performed the requested studies
in compliance with our agreement, as well as with utilizing solid scientific knowledge, processes,
and procedures. However, based on our review of the EPA comments dated August 3, 1998, we
conclude that TERA’s customers have not received the benefit of all the discussions or the additional
supporting detail that ManTech has provided to TERA,

With this letter, we are providing a response to cach of the three comments provided by the
EPA via a communication dated August 3, 1998, which TERA provided to ManTech on August 19,
1998. We also have attached related information submitted to TERA during review of our draft final
report. We believe that our responses found in the enclosed documents adequately address each of
the EPA’s concerns. With respect to EPA’s comments regarding potentiai re-testing, we have
provided additional support for our dose selection in the micronucleus assay, and due to our regimen

. of multiple dosing, do not believe that any advantage would be gained by using yet higher doses.

Regarding the mouse lymphoma testing, the positive controf results with S9 activation were
consistent between the validation assay and the ammonium perchlorate assay and were within
historical values. Therefore, we believe no additional testing is required at this time. We have met
and even exceeded our contractual agreement with TERA for our proposed research planned for this
project.

ManTech Environmental Technology, Inc.
A Subsidiary of ManTech International Corporation

P.O. Bax 12313, 2 Triangle Drive, Research Triangle Park, NC 27709  (919) 549-0611 FAX 919-549-4665
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Dr. Dourson
TERA
August 25, 1998

ManTech understands that additional research may be desired relating to this project and is
willing to provide favorable pricing for any such additional work under agreement with the EPA, the
USAF, or TERA. You may contact me at 919-406-2136 if you have any questions.

Sincerely,

Qpa, Aoy dense—

Tara M. Anderson
Sr. Contract Analyst

cc: S. Sharma
J. Stikeleather

Enclosures:  Att. 1. EPA Comments of August 3, 1998
Att. 2: ManTech Response to EPA Comments
Supporting Information Previously Provided:
~ Att. 3: ML Assay Validation, and:
Att. 4: Criteria for Accepting ML Assay

+OM-M @ mon—~ehvV, com

ManTech Environmental Technology, Inc., A Subsidiary of ManTech International Corporation
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Actachment 1

Review of the migogenicity studies on perchlorate
by Vicki L. Detiarco
Augusn 3, 1998

Conclusions: Ammonium Perchiorate was evaluated in Salaionells ium for poimt
mnations, in the mouse lymphonw in vitro astsy for gene mutations, sad in CD-1 mice for
Induction of micronuciel in bons marrow cells, This is an adequate bastery of tests 10 determine
zhemmnddmmiopomﬂdmm Negative results were repocted in 2!l three

a308ys. p«cbbm&muwmhmwmmﬁmmmmmﬂwmm
and in the conduct of the mousa tymphoms and mouse micronuclel assays thet weakens the
confidencs in & negative canclusion. Thus, sdditional information is requestad from the testing
laborstory 0 heip clarify certain issues, and [t is recommended that certain asaays tests be
cansiderod fbr repest testing. A review of each assay follows.

A. Ssimonalls typhimurium (Ames Assay): TA9S, TA100, TA153S, TA1538

The method and the resuits sre aoceptable. Nomm&mmm Somtemhbs
will uss both TA9S and TA100 for rangs finding/toxicity shudies, end typically cbecrve the -
appearancs of the background lawn. This lab used TA100, It was uncertain from the report
whether the appearance of the beckground lawn (which is an ingicatpr of toxicity) wag notgd in__
the study. rﬂntwudmwuthmmymmm

Recommendation: No mthu- testing needed.

B. Mouse Micronueleus Test

Based on the information contained in the seport, it appears that the kighest dose tested did not
reach sa MTD. mmmmhwmmuzmm to be
about the LDS0 dose. Therefbre, the top mummmwmmm
7wxamm1g~1sm-xmmmw doss was 1000 mg/kg. This is
problematic given the pegative responses. Th= testing laboratury needc to provide data that will
give confidence that 1000 mg/kg is an MTD. Ifthe 1000 mg/kg dose can n0t be confirmed to

" reach an MTD, then this study should be repeated. I this study is repeated, one should score
2000 PCB's per animal singe this will increase the asaxy’s sensitivity, Although 1000 PCR/animal
iz consistent with euwrrent EPA guidelines, this psrameter is being changed to 2000 PCE/agimal to
be consistent with OBCD guidelines. Another issus conserns the route of administration. If one
wanted to simply answered the question of whether the agent bas the sbility to damage
chromosomes, then the routs typically considersd by testing labs for this assay is ip. or i.v., which
may result in 8 higher dose 10 the bons marrow via the circulatory system,

wmmmmmrm»mmwmmm
pmﬂumﬂuu&nuhtﬂmnu&duum

C. Mouss phoma Assay : : '

The results of the positive control ls considersd too low for the assay with S9 activation. This is
problematic given that perchiorate was found 10 be negative in thls assty, Thus, this assay needs
to be repested with $9. Alo, Mmmmmwapmmmmm

aUG 19 *9a 1129 813 S42 7487 PROE. 22
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Attachment 2

Response to the EPA Review of the Mutagenicity Studies on Ammonium Perchlorate (AP)

A.

Table 1.

Ames Assay with TA98, TA100, TA1535 and TA1537

Historically, our laboratory has always used only one strain, TA100, for range finding
studies. The appearance of background lawn is always noted in a smdy and we have done
so with this study on AP also. If a clearing of the background lawn of bacterial growth
(an indication of extreme toxicity) is observed, only then it will be mentioned in the
report. We have not observed any clearing of the background lawn or reduction in the
number of spontancous reverant coionies in the AP-treated cultures. We also want to
point out that we bave used TA1537 strain and not TA 1538 (as indicated in the EPA
review) in the Ames Assay.

Mouse Micronucleus Test

Dose selection (range finding) for the micronucleus test is based on the following
study observations:

A preliminary range finding (toxicity) testing was done with AP using 6 animals/dose
group. As is shown in the summary table below, in the highest dose tested (4000 mg/kg
or the maximum soluble dose), five of the six (3 mides and 3 females) animals and in the
2000 mg/kg dose’ group, four of the six animals dicd after one dosing. The mouse that

survived in the 4000 mg/kg dose group appeared lethargic even after 8 hours of the first .

dosing but recovered after 24 hours. The surviving animals (1 in the 4000 mg/kg and 2
in the 2000 mg/kg dose) in both groups were dosed for another 2 days and after 24 hours
of the last dosing, they were sacrificed and the ratio of PCE and NCE were determined,
There were no changes in the ratio of PCE to NCE compared to untreated coatrol group.
Since none of the doscs reached an MTD level (based on the lack of toxicity observed
from PCE/NCE ratio), the only option was to use the LD,,dose for selection of the top
dose for micronucleus test.

Preliminary Range Pinding (toxicity) results from AP Study

Dose
Group
(mg/kg)

3 males 3 fernales

# animals died
{post dosing)

# of animals died
(post dosing)

Ratio of*
PCE/NCE

10 min

30 min

24hr

10 min

30 min

4000 1

2

1 0.64

2000

0.7

o
(Control)

0

0

*Determined 24 hours after the last of thlee dosings.
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LD,) to be 1950 mg/kg which appears to be close to the value (1900 mg/kg) cited in the MSDS
(received from Aldrich Chemical Co.) for AP.

Reasons for choosing 1000 mg/kg as the top dose:

(M

(v

Multiple (3) gavage dosing was done to ensure that the highest concentration of
the AP can be administered without killing the animals. Since each dose was
administcred consecutively for 3 days, there is a possibility that using a
concentration higher (e.g. 1500 or 1700 mg/kg) than 1000 me/kg would not
necessarily give a sufficient number of surviving animals for MN analysis. For
example, since a S0% mortality at 1500 mg/kg or a 56% mortality at 1700 mg/kg
is possible (based on 66% mortality noticed at 2000 mg/kg) we might not have 3
surviving animals/sex to conduct the MN analysis since there are only §
animals/sex for each dose group (EPA Testing Guidelines, 40 CFR Ch. 1, 7/97
cd.). Therefore, we chose 1000 mg/kg as the top dose to ensure that all 5 animals
would survive. Further since the MN analysis will be done from S000 PCEs/sex
(instead of 2000 or 3000 PCEs at a lower survival rate) the study results (scoring
a total of 10,000 PCEs) would be more reliable and statistically significant.

The top dose selection is still in complnnee with the EPA testing guidelines for
the MN test cited in the article “MN as an index of cytogenetic damage: past,
present, future” (Heddle et al, Eaviron. Mol. Mut., 18:277, 1991). In addition,
the selection of a test agent top dose is given as 50% of LDy, in a review article
on genetic toxicology testing strategies and dats analysis, “The Principle and

‘Methods of Toxicology" (D. Brusick, Chapter 15, page 570, 1994).

We could have also increased the number of animals per dose group to obtain a
sufficient number of surviving animals, tut it wwould have been cost prohibitive to
complete this assay within the allotted budget. We would be happy to repeat the
MN assay with a different top dose (after a repeat range finding assay with at least
2 doses (1500 at 1700 mg/kg) and score 2000 PCEs instead of 1000 PCE with a
revised cost. Also, we want to stress that we have only followed EPA testing
guidelines for scoring PCE and not OECD guidelines.

Choice of Route of Administration:

1.

i8pL 2vS £18 ¢

*ON 3SNOHJ

From our iaboratory, the first choice of route for test chemical is by gavage. If
the chemical characteristics do not allow a gavage dosing, i.p. injection is used
(i.v. is not routinely used). Since both giivage and i.p. routes are permitted in the
EPA guidelines for genotoxicity testing, we chose gavage dosing.

. Another reason for selecting the gavage dosing is for giving multiple doscs of AP

to achieve the highest concentration possible without causing any morulity. By
i.p. injection, even though the chemical would be absorbed directly into the blood
stream and reach the target cells, the concentration is going to be less than by
multiple gavage dosing. Moreover, a single i.p. injection of AP could be much
more toxic even at 1000 mg/kg because of the fast absorption of an acute dose

2
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into the blood. Consequently the total concentration of AP by a single injection
for causing chromosomal damage is going to be less than the multiple dosing by
gavage at a higher concentration. Muliiple dosing of AP was also preferred to
make sure that a potential mutagenic effict is not missed from a single dosing, as
cell cycle delays can affect the response of the chemical with a different end
result, ’

3. Another rationale for choosing gavage dosing is based on the assumption that
since AP is being evaluated to determine its potential toxicity in humans, one of
the possible exposure routes iz probably by the orai roue (Report of a serious
environmental AP contamination in drinking water in the Lake Mead area in
Nevada, McKinnon, 1998).

Mouse Lymphoma Assay

1.

The results of the positive control, 3-MCA in the S9 activated system is not low according
1o the published literature (D. Brusick, 1994) and historical data from our laboratory. For
example, in the published literature the range of mutant frequencies (MF) for 3-MCA at
4ug/ml varies from 200 -1000 x 10%. Therefore, theoretically the dose (2.Sug/ml) that
we used should give a MF of 125 - 625 x 10¢, Qur study data at 2.5ug/ml shows a MF
of 194 x 10 which is within the accepted range. Also, when we validated the ML assay
(before testing AP) with positive controls (EMS and 3-MCA) 3-MCA showed a2 MF of
230 x10%. (Sec the attached data sheet for the experiment dated 1/26/98 which was
provided to TERA during the reviewing of the draft final report).

Plating efficiencies were high in the -S9 assay. Again the average cloning efficiency of
negative controls (medium/untreated and solven/DMSO) is cited as 70-130% (Brusick,
1994). Our data for the non-activated system (-S9), which was done twice, are 72.7 =
7.5% (medium) arid 72.3 = 7.1% (DMSO) in onc experiment and 89.2 + 8.0% (medium)
and 70 + 0.47% (DMSO) in the second experimertt, showing that both the assays produced
consistent results, Similarly, our ML validation experiment before testing AP, indicates
that the background cloning efficiency was 82.7% for the -S9 and 106.7% for the +S9

" controls. Historically, these values arc acceptable.

We have already provided some of this information to TERA earlicr (see the attached
criteria for accepting ML Assay) and also included in the justification for protocol changes
(Appendix D-13) in the final report on AP,
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Attachment 3

MLA_0126.xls

__ ML Gssay Vabiod atons;
Mouse Lymphoma assay (01/26/98)
Confirmation of positive controls

Sample VC(cts/dish) cloning TFT(cts/dish)

mean std efficiency mean std MF (x 10e-8) RMF
Without S9
no treatment 165.3 11.0 82.7 74.0 46 - 89.5 1
EMS (250 n/ml) 135.0 316 67.5 405.0 57.7 600.0 6.7
with S8
no treatment 213.3 14.8 108.7 76.0 1.7 71.3 1
3-MCA (2.5 ug/ml) 183.0 226 81.5 187.3 8.7 229.9 3.2
Calculations:

cloning efficiency: CE=(cts on VC dIs/200 cells)x100%
mutation frequency: MF= cts on TFT distV/CE
relative mutation frequency: RMFaMF[matod]IMF[umreated]

Acceptad range: .
CE: 70 - 130%
MF () 20-120x10e-6
R4
Prepared by Susane Nemecz ' 1 0f 1 6/21/98
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Attachment 4

Criteria for Accepting MI. Assay

1. The average cloning efficiency of negative controls (medium/untreated and solvent/DMSO) is cited
as 70~130% (Brusick, 1994). Our data for the non-activated system are 72.7 + 7.5% 10 89.2 +
8.0% (medium) and 70.0 + 0.47% to 72.3 4+ 7.1% (DMSO); (see Appendix B-2 and B-2A) and for
the activated system are 94.2 t 13.2% (medium) and §9.27% (DMSO); (see Appendix B-3).
Historically, these values are acceptable. Also, when we validated the ML assay with positive
controls (EMS and 3-MCA), the background cloning efficiency was 82.7% for the -S9 and 106.7%
for the +89 controls. (See the attached data sheet for the experiment dated 1/26/98.)

2. An approximate fivefold increase in cell number for each of the 2 days following treatment of the
ental culmures is expected. We obtained an average of 3.5- to 5.8-folu (medium - day | and
~ 2)or 3.7- to 5.0-fold (DMSO - day 1 and 2) increase in cell number in the negative controls. (See
Appendix B-2, B-2A and B-3.) Historically, we have observed an average growth increase of 3.5-

to 4.8-fold increase in cell number.

3. Mutation frequency: The normal range of background frequencies for assays performed with
different cell stocks is cited as 20 to 120 x 10 (Brusick, 1994). Our background frequency during
ML assay validation ranged from 71.3 (+59) 10 89.5 (-59). Historically, the frequency values in
untreated cultures ranged from 66 to 90 + 8 (-89) and 70t0 92 1+ 9.4 (+S9). Even though our
values in the current studies are 99.1 + 8.9 and 96.5 + 9.96 for nonactivated and 102.6 £ 14.4 for
activated, they are still in the accepted range as cited by Brusick (1994). It is also noteworthy to
mention that the background frequencies for solvent control (DMSO) in the two experiments (-S9)
are much lower (51.2 - 82.04) than those for the AP-treated cultures (see Tables III-S and I11-SA).

4. A positive control is included for each of the systems (-S9 and +S9) to ensure that assay conditons
are right and the induced mueation frequency is in the expected range (historically from the laboratory
or from literature). The normal range of increase in mutation frequency for methylmethane sulfonate
(-S9) at 10.4 ul/ml is from 2- to 8-fold (Brusick, 1994), whereas our results with ethylmethane
sulfonate (a similar chemical mutagen) is from 4- to 7-fold at a much lower dose (0.25 ul/ml, or
~ 1/40™ of the MMS dose). Our ML assay validation data and historical data show a 6.7-fold and
a 4- 5.7-fold increase in mutation frequencies, respectively, compared to untreated control. 3-Methyl

_ cholanthrene, the positive control for the activated system (+89), shows a 2- to 10-fold increase in
mutation trequency at 4.0 pg/ml (Brusick, 1994), whereas our results at a lower concentration (2.5
pg/ml) still show a twotold increase as compared to the DMSO control. - Again, our ML validation
data indicate a 3.2-fold increase at the same dose, and the historical data indicate 4 2- to 3.4-fold
increase.
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